The higher energies planned for the next generation of particle accelerators and storage rings makes the use of superconducting hi-Q RF cavities highly desirable.
INTRODUCTION
RF superconductivity applied to the operation of hi-Q RF cavities for use in various high energy particle accelerating machines has been a goal for some time. It is generally recognized now that surface effects are prominent among problems precluding the attainment of maximum electric field gradients. At SLAC we have initiated a general surface instrumental study of these surfaces, with the purpose of characterizing the causes of various problems (oxide layer charging, field emission, etc. ) plaguing the cavities. We have investigated oxide layer charging by measurements of secondary electron emission coefficients, sputtering rates, chemical shifts and electron bombardment effects on anodized Nb,O, layers on Nb.
During these measurements, electron-induced diffusion of C to the Nb,O, surface from the underlying interface has been observed. Preliminary measurements of this effect are presented along with possible mechanisms for the observed surface C buildup.
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EXPERIMENT
The entire surface analytical system is described in some detail elsewherel. Those portions relevant to the C data will be described here.
The vacuum system is of standard UHV design incorporating a CMA with axial electron gun for Auger electron spectroscopy (AES). An Ar ion gun was employed for depth profiling and thinnfng of anodized layers. The electron and ion gun axes were 30" and 41" to the surface normal, respectively. All measurements presented here used an electron beam of 2 keV energy, lOpA current,
. 021 cm diameter and 29 mA-cmm2 current density. The Ar+ beam was 1 keV, unscanned with a beam diameter of 5mm FWHM and 62pA-cmm2 current density.
The solid Nb substrates were prepared from low-Ta, low-C (30ppm measured prior to outgassing) e-beam melted material. 
RESULTS
The 1lOOA layer, as inserted, is stoichiometric Nb,O, (checked by X-ray) with a superficial C layer which disappears after a short sputter etch. Data taken on graphite and powdered NbC samples show that the AES C peak observed in Figure 1 is typical of graphitic (or possibly amorphous) C. This observation of C peak shape is consistent with other work37 4 on C.
When the electron beam bombards the surface (Figure la) , the pentoxide surface is decomposed and some Nb (met) is produced2. Concurrent with this is a rise in the C signal, the source of which is probably C-containing molecules (CO, mainly) from the gas phase. Assuming a worst case sticking probability of one, the gas phase concentration of such molecules is just sufficient to account for this slow C signal rise. It is also possible that the C source is elsewhere on the surface or in the pentoxide layer. Its source in the layer is not likely (see faster than can be explained by a gas phase source alone or from a surface diffusion source (there is no evidence of C in the sputtered area adjacent to the electron bombarded area, nor is there an appreciable increase in C during a one hour turnoff period of the electron beam).
The Nb (ox) signal rises rapidly initially and then levels off. Our AES sensitivity measurements on powdered Nb,O, , NbO, and NbO samples show that the Auger sensitivity for NbO, is considerably lower than that for the other two oxides. Thus, the initial rise in the Nb (ox) signal likely reflects an increase in AES sensitivity as NbO is formed from NbO,, although proof awaits further investigation. Subsequent leveling off of Nb (ox) is due to: 1) a decrease in available Nb (met) sites for C bonding and so C spreads to Nb (ox) sites, and 2) an -6-equilibrium level being reached in the oxide rearrangement process.
After sputter thinning to 1648 (Figure lc) , behavior similar to that observed in Figure lb is seen except that the experiment was extended for a longer period. The C rate increases in a manner suggesting a diffusion source of C feeding the surface. At these higher C coverages, even the surface 0 is being covered so that there is an increasingly rapid drop off in both the 0 and Nb (ox) signals once the Nb (met) sites are saturated.
DISCUSSION
In searching for the source of the C layer, we have eliminated gas phase and surface sources, as previously indicated. Considering the cleanliness of the Nb,O, layer, we judge the remaining source possibilities to be the Nb bulk or Nb,O, -Nb interface. Measurement of the bulk C concentration in the Nb material used in this experiment indicates that some tens of microns of bulk C impurity atoms would be needed to produce the C coverages observed on the pentoxide surface. Figure 2 is typical of many depth profiles we have taken on various Nb substrates, anodized to different thicknesses from 100 to 1lOOA.
All these measurements showed between a 10 and 20% concentration of C at the interface and a lower level of C into the Nb bulk. This agrees with AES depth profiles on unanodized Nb samples. These pure Nb samples show significant C and 0 contamination (from the atmosphere prior to insertion) which is removed by long sputtering times (equivalent to several hundred A removed). Presumably, the activity of the freshly sputtered surface allows easy recontamination from the local gas phase or ion knock on. Once the surface has been cleaned though, it
shows very little evidence of C and 0. Figure 2 then would seem to show that -7-the C at the inter&e was there prior to anodization, and that this layer is spread for some distance into the Nb bulk during the depth profile.
We now turn to the mechanism by which the C may rapidly diffuse from the interface to the surface. Thermal diffusion by beam heating may be eliminated; calculations based on a variety of models57 6 yield a maximum temperature rise of h: JOK for electron beam heating for this experiment. We do note that the presence of the beam is necessary for the diffusion effect to occur. The electron penetration depth for 2 keV is N 650A 7. We see that the C diffusion rate increased in the 164w and 593 A layers but not the 1lOOA layer, so the beam apparently must reach the interface for such a rate increase to occur. The pentoxide layer may contain many grain boundaries and defects but these are not sufficient by themselves to account for the increased diffusion rates seen, although their presence may be necessary for the effect to occur. The most likely explanations, then, seem to be field or defect-enhanced rates and we are now exploring these with further experiments. Electron-activated enhancement of diffusion rates has been observed before8. If the effect is present in RF cavities, then C segregation under electron bombardment may be responsible for some of the effects noted in actual cavity structures. Reduction of multipactoring in cavities by careful increases in the electron loading fields may be due to a C layer forming on the cavity surface, resulting in a reduction in the secondary electron emission coefficient. 
